Proteins containing oxidized amino acids induce apoptosis in human monocytes.
Cellular deposits of oxidized and aggregated proteins are hallmarks of a variety of age-related disorders, but whether such proteins contribute to pathology is not well understood. We previously reported that oxidized proteins form lipofuscin/ceroid-like bodies with a lysosomal-type distribution and up-regulate the transcription and translation of proteolytic lysosomal enzymes in cultured J774 mouse macrophages. Given the recently identified role of lysosomes in the induction of apoptosis, we have extended our studies to explore a role for oxidized proteins in apoptosis. Oxidized proteins were biosynthetically generated in situ by substituting oxidized analogues for parent amino acids. Apoptosis was measured with Annexin-V/PI (propidium iodide), TUNEL (terminal deoxynucleotidyltransferase-mediated dUTP nick-end labelling), MMP (mitochondrial membrane permeabilization), caspase activation and cytochrome c release, and related to lysosomal membrane permeabilization. Synthesized proteins containing the tyrosine oxidation product L-DOPA (L-3,4-dihydroxyphenylalanine) were more potent inducers of apoptosis than proteins containing the phenylalanine oxidation product o-tyrosine. Apoptosis was dependent upon incorporation of oxidized residues, as indicated by complete abrogation in cultures incubated with the non-incorporation control D-DOPA (D-3,4-dihydroxyphenylalanine) or when incorporation was competed out by parent amino acids. The findings of the present study suggest that certain oxidized proteins could play an active role in the progression of age-related disorders by contributing to LMP (lysosomal membrane permeabilization)-initiated apoptosis and may have important implications for the long-term use of L-DOPA as a therapeutic agent in Parkinson's disease.